Ongoing progress in nanotechnologies has led to their implementation for in vivo diagnostic and therapy. Thus, the main applications of inorganic nanoparticles are imaging for diagnosis and cell tracking, photothermal and drug-delivery therapies. Following nanoparticles in vivo administration, the systemic circulation can distribute them to every body organ and tissue. Precise characterization of nanoparticles distribution and accumulation in the different body parts in preclinical models is required before any application in humans. The biodistribution of inorganic nanoparticles has been analysed in different preclinical models, particularly mouse, rat and rabbit. This review covers the in vivo biodistribution of different inorganic nanoparticles in preclinical models: gold nanoparticles, silica nanoparticles, iron oxide magnetic nanoparticles, quantum dots and carbon nanotubes.
Introduction
Ongoing progress in nanotechnologies has led to their implementation not only for in vivo diagnosis but also for imaging, drug delivery and innovative therapies. Different types of nanoparticles have been developed for therapy or imaging. Nanoparticles are interesting because they are easy to synthesise and have numerous imagery applications. In addition, the surface of nanoparticles is fairly easily conjugated with antibodies [1] , siRNA [2] , or specific ligands for recognition and binding to target cells [3] [4] [5] .
The ideal nanoparticle agent should be 1) resistant to aggregation, 2) not affected by solvent polarity, ionic strength, 3) resistant to reticuloendothelial system (RES) uptake, 4) it should have high sensitivity and selectivity for the cellular target, and 5) have prolonged circulation times in the blood if administered intravenously [6] .
After in vivo nanoparticles administration, the systemic circulation can distribute them to all body organs and tissues. Precise characterization of nanoparticles distribution and accumulation in the different body parts in preclinical settings is required before any nanoparticles use, whether for diagnosis, photothermal therapy or drug delivery in humans.
In this review, we will discuss the in vivo biodistribution of a number of inorganic nanoparticles in preclinical models: gold, silica, and iron oxide magnetic nanoparticles, quantum dots and carbon nanotubes.
Types of Inorganic Nanoparticles and Their Applications
Different types of inorganic nanoparticles are currently being developed [7, 8] . Their main applications are: imaging for diagnostic purposes [9, 10] , cell tracking [11] , photothermal therapy [12] [13] [14] [15] , and drug delivery [14] . In addition, these nanoparticles can be engineered to become biocompatible and thus escape detection by the immune system [1] .
There could be major translational applications for nanoparticles in the field of cancer.
When encapsulated in nanoparticles, drugs are protected from disintegration in the liver. They circulate in the blood for longer periods and concentration in tissues is higher [16] and more prolonged [17] . Drug encapsulation in nanoparticles can significantly improve drug biodistribution in tumors and reduce drug toxicity, when compared with the same non-encapsulated drug [16] .
Inorganic Nanoparticles

Gold Nanoparticles
General Presentation
Gold nanoparticles have emerged as promising tools because they possess a plasmonic resonance that can be shifted to the near-infrared (NIR) spectral region by shape engineering [20] . This spectral region, known as the "optical therapeutic window", is characterized by low absorption of biological materials, and it allows light to penetrate deeply (up to several cm) into the tissues. Their excellent optical properties make gold nanoparticles good candidates for imaging contrast agents and for innovative cancer therapies [21] . Because of the enhanced permeation and retention, microvessel networks in malignant tumors offer a preferential area of distribution and enhanced uptake for nanoparticles.
Gold nanoparticles can be synthesised into a variety of forms, including spheres, crescents, rods, cages, prisms, stars, using different strategies, the most common being chemical methods, or electrochemical reduction of gold (III) precursors. The chemical, optical and electromagnetic properties are influenced by particle size and shape [22] .
Gold nanocrescents possess optical properties that are particularly well suited to biological applications. Their plasmon resonance is split due to the symmetry of the crescent shape. The axial plasmon mode is near 600 nm while the transverse mode is in the near infra-red region (typically around 800 nm). This mode is magneto-inductive and has the unique ability to redirect scattered light in a direction dependent on cup orientation, acting as a three-dimensional nano-antenna. This mode lies in the "optical therapeutic window" which is particularly suitable for in vivo application due to the penetration depth of the excitation light into the tissues (several centimeters).
For gold nanorods, their plasmon resonance absorption and scatter in the near infrared region makes them suitable for in vivo imaging applications [23] . The light energy, which penetrates tissues, is converted in part into heat, thus acting as an effective contrast agent for in vivo bioimaging, and as a thermal converter for photothermal therapy [24] . When functionalised with folates, they can accumulate on the surface of tumor cells and make them highly susceptible to photothermal damage from irradiation at the nanorod plasmon resonance [19] . Gold nanoshells also possess optical and chemical properties for biomedical imaging and therapeutic applications. They are formed of a silica core coated with gold [25] . By varying the size of the core and shell, the optical resonance of these nanoparticles can also vary from near-UV to near-infrared [26] . They can be used for contrast enhancement [27] , magnetic resonance imaging [28] , molecular imaging [13] , and photothermal therapy [29] . In preclinical models, gold nanoshells have been successfully used to deliver tumor necrosis factor (TNF) to solid tumors [30] .
In Vivo Biodistribution
Gold nanoparticles distribution in organs Under inductively coupled plasma mass spectrometry (ICP-MS), polyethylene glycol (PEG)-coated gold nanoparticles show prolonged circulation times in vivo after systemic injection. Following intravenous injection into mice, 54% of injected PEG-modified gold nanoparticles were found in the blood at 0.5 h [31] . The PEG coating prevents or minimizes adsorption of the gold nanoparticles by macrophages, resulting in a prolongation of blood clearance (up to 48 h) and greater organ exposure [32] . The size of gold nanoparticles influences their in vivo distribution. Thus, using transmission electron microscopy, Zhang et al., showed that 5 nm and 10 nm PEGylated gold nanoparticles accumulated in the liver and 30 nm PEGylated gold nanoparticles accumulated in the spleen. The 60 nm PEGylated gold nanoparticles did not accumulate in either of these organs in mice euthanized 28 days after intraperitoneal administration of gold nanoparticles at a dose of 4000 µg/kg [33] .
Other studies have evaluated the bioaccumulation and effects of different doses (40, 200 , and 400 µg/kg/day) of 12.5 nm gold nanoparticles by intraperitoneal administration in mice every day for 8 days. Using inductively coupled plasma-mass spectrometry, one team quantitatively evaluated biodistribution in tissue samples. The different doses administered did not change blood gold levels, but there was a significant relationship with gold accumulation in the spleen, brain, kidney, liver and lung [34] . The kinetics and distribution of gold nanoparticles with diameters of 10, 50, 100 and 250 nm have also been measured with ICP-MS after intravenous administration in rats. At twenty-four hours, the 10 nm nanoparticles were detected in the blood, liver, spleen, kidney, testis, thymus, heart, lung and brain, whereas the larger nanoparticles (50, 100 and 250 nm) were only detected in the blood, liver and spleen [35] . Another study, also using ICP-MS analysis, showed that gold nanoparticles accumulation depended on particle size. The 15 nm gold nanoparticles were found in the blood, liver, lung, spleen, kidney, brain, heart, and stomach, and were able to pass the blood-brain barrier [36] . In addition, 20 nm, but not 100 nm, gold nanoparticles were found on retinal layers using confocal laser scanning microscope [37] . In 2009, gold nanoparticles were used as tracers in photoacoustic mapping of lymph drainage to identify sentinel lymph nodes in rats [38] . This study was performed with a deeppenetration photoacoustic microscopy system. Photoacoustic imagery (PAI) is an emerging hybrid, noninvasive and nonionizing mode of exploration that combines spectral selectivity of molecular excitation by laser light with the high resolution of ultrasound imaging [39] . PAI has been shown to be a powerful tool for imaging blood vessels, but it has also been used to track the uptake, delivery, and excretion of nanoparticles in vivo [40, 41] . Photoacoustic imaging with gold nanoparticles shows many advantages, including good resolution (50 μm) and low cost.
Gold nanoparticles distribution in tumor tissues
Photoacoustic imaging has also been used to visualize gold nanoparticles accumulated in mouse tumors [42] . The 3D distribution of gold nanoshells injected intravenously into mice, with subcutaneous xenografted human colon tumor, showed preferential accumulation in the tumor site. Two-photon-induced photoluminescence imaging showed a heterogeneous distribution in xenografted tumors [43] , perhaps due to the enhanced permeability and retention effect of the abnormal tumor microvasculature [19] . When analysed in photoacoustic microscopy, nanoparticles were found to be more concentrated in the tumor cortex than in its core [44] .
The size of the gold nanoparticle is important to consider, since a significantly higher tumor uptake and extravasation from tumor blood vessels was found with 20 nm gold nanoparticles compared to 40 and 80 nm gold nanoparticles using gamma imaging and dark field microscopy [45] . The molecular weight of the PEG chain is also important to consider since, using gamma imaging and dark field microscopy analyses, gold nanorods grafted with PEG 5 kDa and 10 kDa showed significantly greater tumor uptake, extravasation from the tumor blood vessels, and greater circulation stability in mice than those with smaller (2 kDa) or larger (20 kDa) PEG chains [8, 45] .
Silica Nanoparticles
General Presentation
Silica nanoparticles have emerged as a promising field for treatments because of their biocompatibility and low toxicity. They have interesting potential in drug delivery [46, 47] , DNA delivery [48] gene therapy and molecular imaging [49] . Their surface can be functionalized by different groups such as polyethylene glycol, amine, carboxyl or vinyl, rendering them useful for biomedical applications [50, 51] . Mesoporous silica nanoparticles (MSNs) have large surface areas with controllable pore size making them attractive as drug-delivery devices, for diagnostic approaches [52] [53] [54] or for bone tissue regeneration [55] .
In Vivo Biodistribution Silica nanoparticles distribution in organs
The biodistribution of fluorescent-labelled silica particles was analyzed in one study in vivo in mice and ex vivo on excised tissues using the IVIS 200 imaging system. Twenty-eight days after administration of 70 nm silica nanoparticles to mice, they were detected in the skin, regional lymph nodes, parenchymal hepatocytes, cerebral cortex and hippocampus. In hepatocytes, the silica nanoparticles were distributed throughout the cytoplasm, and inside the nucleus and mitochondria [56] . Silica nanoparticles 20 -25 nm in diameter, conjugated with near-infrared fluorophores and rendered radioactive with (124) I, for optical and PET imaging, were used in another study to assess in vivo distribution in nude mice. 75% of the silica nanoparticles accumulated in the liver and spleen, whereas the lung, heart and kidney, accumulated less than 5%. The clearance studies carried out over a period of 15 days indicated hepatobiliary excretion of the nanoparticles. The absence of any adverse effect or any other abnormalities in the tissues was controlled by histological analysis [57] .
The elimination time and organ accumulation levels of silica nanoparticles depend on the chemical surface modification. Thus, the biodistribution of three types of surface-modified 45 nm Silica nanoparticles, (OH-Silica nanoparticles, COOH-Silica nanoparticless, and PEG-Silica nanoparticles) were investigated using a fluorescence tracing imagery system. This study showed that after intravenous administration in mice, PEG-Silica nanoparticles had relatively longer blood circulation times and lower uptake by the reticuloendothelial system (RES) organs than OH-Silica nanoparticles and COOH-Silica nanoparticles [58] . Seventy nm silica nanoparticles modified with amine or carboxyl groups, or unmodified, were used to test cell toxicity. Unmodified nanoparticles showed a nuclear localisation, while the modified nanoparticles did not [59] .
Different doses of MSNs (ranging from 10 mg·kg
) were injected intravenously in nude mice once a day for 10 days by another team. Serological analyses of blood samples and fluorescent imaging of mouse tissues (liver, kidney, lung, heart, intestine, stomach, mesentery and spleen) both showed good tolerance [60] . The effect of surface charge on the uptake of mesoporous silica nanoparticles has also been analysed in 3T3-L1 cells and human mesenchymal stem cells without evidencing changes of viability, proliferation, or differentiation of the treated cells [61] .
Silica nanoparticles distribution in tumor tissues
Biodistribution studies using human breast cancer cell MCF-7 xenografts were performed with in vivo and fluorescent microscopy imaging, as well as with inductively coupled plasma mass spectroscopy. MSNs preferentially accumulated in tumors. Nanoparticle fluorescence intensity was greater in tumors than in other tissues and greater at 4 h than at 24 h [60] . Functionalization is important to target a specific cell. MSNs functionalised with folic acid thus exclusively enter cells expressing folate receptor [62] . In two different human pancreatic cancer cell lines (PANC-1 and MiaPaca-2) xenografted in mice, the researchers observed tumor-suppressing effects with silica nanoparticles concomitantly conjugated with camptothecin and folic acid. Measures of silica nanoparticles concentration in the urine with inductively coupled plasma optical emission spectrometry (ICP-OES) showed that most nanoparticles were excreted within 4 days [47] .
Magnetic Nanoparticles
General Presentation
Magnetic iron oxide nanoparticles have been investigated for their magnetic capacities, very promising for magnetic resonance imaging (MRI) contrast enhancement [63] , and hyperthermia [64] . A large number of functional groups to target tumors can be attached to their surface, such as antibodies, peptides, or small molecules for diagnostic imaging or drug therapy [65, 66] . Moreover surface modifications in these nanoparticles have been shown to render them biocompatibles with long blood retention times and low toxicity [1] . Among the molecules used for coating magnetic nanoparticles to increase their stability and half-life circulation are dextran, polysaccharides, PEG and polyethylene oxide [8] . Superparamagnetic iron oxide nanoparticles (SPIONs) are composed of an iron oxide core of about 5 -10 nm, and a surrounding layer of stabilising macromolecules, resulting in particle diameters of 30 -80 nm [67] . The superparamagnetic property of iron oxide is due to a magnetic moment in the presence of an external magnetic field. The most widely used method for synthesis of SPIONs is alkaline co-precipitation of Fe(OH) 2 and Fe(OH) 3 suspension [68, 69] .
Ultrasmall superparamagnetic iron oxide (USPIO) nanoparticles have been used in MRI as contrast enhancement agents for clinical diagnosis. Their surface can be modified and different functional groups can be attached. USPIO nanoparticles provide a non-invasive method to detect and label tumor cells [70] . However it is important to determine the biodistribution, clearance, and biocompatibility of magnetic nanoparticles for in vivo applications.
In Vivo Biodistribution Magnetic nanoparticles distribution in organs
The influence of magnetic nanoparticle size, composition and surface chemistry in intracellular uptake, biodistribution, macrophage recognition and cytotoxicity, was analysed by [71] . In vivo, injected magnetic nanoparticles are captured by macrophages, and this reduces the circulation time in the blood and leads to high levels of biodistribution in the liver (80% -90%) and the spleen (5% -8%) [72] .
The iron levels in the serum of rats receiving 10 mg Fe/kg magnetic nanoparticles through the tail vein in one study showed a gradual increase for up to 1 week and a slow decrease thereafter. From study of the different organs, the presence of iron was detected in the liver (about 55% of magnetic nanoparticles injected were detected at 6 hours while only 20% were detected after day one), and the spleen, and in smaller quantities in the brain, heart, kidney, and lung. In this model the magnetic nanoparticles did not cause long-term changes in liver enzyme levels [73] .
To evaluate lymph node accumulation of SPIONs, another team removed the lymph nodes of rats having received 200 µmoles of nanoparticles injected into the tail vein 24 hours previously. The iron concentration was determined by inductively coupled plasma atomic emission spectroscopy (ICP-AES). In this study, the SPION particles showed a short blood half-life of approximately 13 min for large-size particles (60 -90 nm), while smallsize particles showed a half-life of 90 min [67] . Smaller particles circulate longer than larger particles and can be taken up gradually by lymph nodes and bone marrow [74] . USPIO nanoparticles have been analysed in rats to determine metabolic consequences on the kidney, liver and spleen after intravenous administration. It was shown that alterations of renal, hepatic and splenic function were reflected by changes in the metabolic pathways involved in energy, lipid, glucose, and amino acid metabolism. These effects were linked to their surface chemistry and particle size [75] .
In a rabbit model of human atherosclerosis, SPIONs coupled to annexin V showed specific accumulations in the liver, spleen, kidneys and bladder under magnetic resonance imaging [76] .
Magnetic nanoparticles distribution in tumor tissues
The bio-distribution of intra-tumoral-injected magnetic nanoparticles was studied in a mouse model. Most magnetic nanoparticles remained in the tumors and less than 1% of injected nanoparticles were detected in the liver and spleen [77] . In a rat model of 9L-glioma brain tumors, PEGylated magnetic nanoparticles were delivered and followed up using magnetic resonance imaging. A preferential accumulation in the tumor xenograft and not in normal tissues was shown in this preclinical model [72] .
Magnetic nanoparticles can also be used for specific delivery of chemotherapeutic agents into tumors. The biodistribution of magnetic nanoparticles in the tumor, peritumoral area, different organs and body fluids (blood and urine) were explored by another team. The concentration of magnetic nanoparticles in the tumor tissues and in the surrounding area was higher under influence an external magnetic field [66] .
Numerous studies have used hyperthermia as a therapeutic approach without any damage to surrounding normal tissue [64] . In a pre-clinical model, water-based ferrofluid 10 nm particles were injected into mice with xenografted human prostate tumors, to evaluate how the infusion flow rate affected nanoparticle distribution and tumor temperature. High-resolution microCT imaging was used to assess nanoparticle distribution in the tumour tissue. A non-uniform distribution of these nanoparticles was observed in the tumor xenograft. After hyperthermia, an increase of nanoparticles was observed in the in tumors, suggesting a re-distribution in the tumors during the heating process [78] .
Magnetic iron oxide nanoparticles (~15 nm in diameter) were administered in a mouse xenograft model of a human head and neck squamous cell carcinoma cell line (Tu212). Pathological analysis showed destruction of epithelial tumor cells associated with the hyperthermia treatment [79] .
Quantum Dots
General Presentation
The semiconductor nanoparticle and rare-earth nanoparticle families are large and heterogeneous. Among them, some commercial solutions based on light-emitting colloidal nanocrystals are available, such as Quantum dots® (Life Technologies) or Lumidots® (Sigma-Aldricht).
Quantum dots®-Lumidots® have a broad excitation spectrum, and a narrow range of emission wavelengths, which depends on the core size and composition. They also have a high photobleaching threshold, enabling longterm monitoring, and a flexible surface enabling various types of conjugation. For in vitro and in vivo applications, cadmium selenide cores are coated with a layer of ZnS. These nanoparticles have light absorbance, bright fluorescence, narrow symmetric emission bands, and high photo-stability [80] . For their optical properties, using the quantum confinement effect, Quantum dots®-Lumidots®, made of the same material, emit light of different colors in relation to the size of the nanoparticles. Fluorescent light energy (color) is inversely proportional to nanoparticle size. Quantum dots®-Lumidots® have been used for in vitro imaging of pre-labeled cells (tracking cells). For specific cell targeting, antibodies, streptavidin [81] , peptides [82] nucleic acid aptamers [83] or small-molecule ligands can be conjugated to Quantum dots®-Lumidots®.
The chemical nature of Quantum dots®-Lumidots® implies that they have potential toxicity for in vivo applications. In vitro studies have shown that Cadmium Selenium nanocrystals are highly toxic on cell cultures when UV-excited because under UV illumination the highly toxic cadmium ions are released. However, quantum dots with a stable polymer coating do not show any toxicity in absence of UV irradiation [84, 85] . In addition, only little is known about the excretion process of quantum dots from living organisms [86] . Since the core of Quatum Dots/Lumidots contains cadmium and zinc, injection of these nanoparticles in humans is prohibited. Cadmium is an inorganic toxicant of great environmental and occupational concern, classified as a human carcinogen in 1993. Moreover, the association of cadmium with zinc increases the carcinogenic potential of these materials [87] . The penetration of quantum dot particles through human skin has been studied in ex vivo models and the Quantum dot particles were found in deep layers by non-invasive multiphoton and confocal laser scanning microscopy [88] .
Here, we will not review the in vivo distribution of Quantum dots/Lumidots in preclinical models since these nanoparticles cannot be used in translational research because of their potential toxicity in human.
Carbon Nanoparticles
General Presentation
Carbon nanotubes (CNT) can be either single-walled (SWNTs) or multi-walled carbon nanotubes (MWNTs). They are made from one-atom-thick sheets of carbon. These sheets are rolled at specific ("chiral") angles, and the combination of the rolling angle and the radius determines the nanotube properties.
Most single-walled carbon nanotubes (SWCNT) have a diameter close to 1 nanometer, with a tube length that can be many millions of times greater. The structure of a SWNT can be conceptualized by wrapping a one-atomthick layer of graphite called a graphene onto a seamless cylinder defined by a pair of indices, n and m, which denote the number of unit vectors along two directions. They can be metallic or semiconducting depending on their structure. Multi-walled nanotubes consist of multiple rolled layers (concentric tubes) of graphite.
The needle-like fiber shape of CNTs is similar to asbestos fibers. Widespread use of carbon nanotubes can lead to pleural mesothelioma, a cancer of the lining of the lungs, or peritoneal mesothelioma, a cancer of the lining of the abdomen [89] . Exposure of the mesothelial lining of the abdomen of mice to long multiwalled carbon nanotubes leads to asbestos-like, length-dependent, inflammatory reaction with granuloma reaction.
Results of experimental studies on rodents collectively show that regardless of the process by which CNTs were synthesized and the types and amounts of metals they contained, CNTs were capable of producing inflamma-tion, epithelioid granulomas (microscopic nodules), fibrosis, and biochemical/toxicological changes in the lungs. Comparative toxicity studies in which mice were given equal weights of test materials showed that SWCNTs were more toxic than quartz. As a control, ultrafine carbon black particles were shown to produce minimal lung responses in mice [90] .
In Vivo Biodistribution
After SWNTs injection in mice, a large percentage can be sequestered in the liver, depending on the surface change [91, 92] . These nanoparticles can be taken up in organs such as the spleen, lymph node, or bone marrow, which are part of the reticuloendothelial system and contain numerous macrophages [93] . To escape macrophage uptake, MWCNTs have to be coated with ammonium and diethylentriaminepentaacetic chelator functional groups [94] . After intravenous injection, SWCNT functionalised with ammonium do not show any liver uptake and are rapidly excreted in the urine. In contrast, intra-peritoneal injection of SWCNT functionalized with hydroxyl leads to accumulation in the liver and kidneys, with urine excretion in 18 days [95] . To prolong circulation time, SWNTs can also be modified using PEG. PEG-5400-modified SWCNTs have a circulation time (t1/2 = 2 h) that is much longer than PEG-2000-modified counterpart SWCNT (t1/2 = 0.5 h) [92] . Other polymers can be used to functionalize SWCNTs. When PEG is grafted to branched polymers (poly(maleicanhydride-alt-1-octadecene)-PEG methyl ethers (PMHC18-mPEG), the blood circulation time of functionalised SWCNTs was prolonged and their half-time evaluated at 22.1 h [96] . Both SWCNT and MWCNT can aggregate in vivo, but SWCNT agglomerates remain the same size and can translocate from the injection site, whereas MWCNT agglomerates grow larger and are not able to translocate [97] . After functionalization of PEGylated SWCNTs with arginine-glycine-aspartic acid (RGD) peptide, the accumulation in integrin-positive U87MG tumors was significantly improved from 3% to 4% to 10% to 15% of the total injected dose (ID)/g, as a result of specific RGD-integrin avb3 recognition [92] .
Numerous biomedical applications of SWCNTs and MWCNTs have been demonstrated over the years. Owing to their ability to absorb light at a wide range of wavelengths spanning the ultraviolet, visible near infrared (NIR) and micro-wave spectral ranges, CNTs are natural contrast agents for photoacoustic (PA) and photothermal (PT) techniques. The first demonstration of CNTs as PA contrast agents was performed by Zharov et al. in 2007 by in vitro and in vivo detection of circulating CNTs alone, and by circulating Staphylococcus aureus and Escherichia coli labelled with CNTs in the blood flow [98] . In 2008, de la Zerda et al. demonstrated the first in vivo PA imaging of CNTs by molecularly targeting SWCNTs to tumor neovasculature using arginineglycine-aspartic acid (RGD) peptides in living mice [99] . In these two studies, chemical modifications of CNTs included coating with organic optical dyes [100] , gold and folates, and antibodies for molecular targeting of circulating tumor cells (CTCs), or endothelial lymphatic LYVE1 receptors. [101, 102] , or tumor cells [103] . CNTs were also used as contrast agents for sentinel lymph node (SLN) imaging [21, 102, 104, 105] . SWCNTs can also be excited by microwaves (3 GHz frequency) generating a thermoacoustic signal [105] .
Recent cytometry explorations based on PT and PA Raman spectroscopy were able to detect nonlinear effects in CNTs in vivo [106] . The PT and PA effects in CNTs can be further used for nanophotothermolysis as demonstrated in 2003. Pulsed PT nanotherapy, with laser induced nano-and microbubbles around overheated gold nanoparticles, led to tumor cell death [107, 108] . When compared with continuous wave laser for phototherapy for tumors [12, 109] laser in pulsed mode is able to precisely kill individual cancer cells with a spatial accuracy of a few micrometers without harmful effects to the surrounding normal cells [108, 110] .
Conclusions
The in vivo biodistribution pattern of inorganic nanoparticles depends on particle size and surface engineering. Surface PEGylation reduces the uptake rate by macrophages and prolongs the circulation half-life.
Similarly, nanoparticle accumulation in tumors is also dependent on the size and surface engineering of inorganic nanoparticles. Some of them are devoid of toxicity and could be further developed in clinics for imaging and/or therapeutic purposes.
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